Overview {#Sec1}
========

Lung transplantation for patients with end-stage lung disease is associated with improved survival and quality of life \[[@CR1], [@CR2]\]. The median post-lung transplant survival in the current era is approximately 6 years, as compared to a median survival of 4 years among those transplanted between 1990 and 1998 \[[@CR3]\]. However, the survival following lung transplantation remains significantly worse as compared to other solid organ transplants. There are certain unique features of lung transplantation that predispose recipients to a multitude of surgical and medical complications.

Specific Relevant Features of the Lung Allograft {#Sec2}
------------------------------------------------

The lungs normally have a dual blood supply, consisting of 1) large pulmonary arteries that provide desaturated blood under low pressure for alveolar gas exchange and 2) smaller bronchial arteries that provide oxygenated blood under systemic pressure for nutrition and oxygenation of the bronchi and lung tissue. As the only solid organ transplant that does not undergo primary systemic (i.e., bronchial) arterial revascularization at the time of surgery, lung transplants rely on the deoxygenated pulmonary arterial circulation and are especially vulnerable to the effects of injury and ischemia \[[@CR4]\].

It has been hypothesized that the absence of the bronchial system in the lung allograft increases susceptibility to microvascular injury and chronic airway ischemia, which may be implicated in the genesis of chronic rejection and other complications \[[@CR5]\]. Similarly, the native lymphatics and the neural supply to lung allografts are disrupted at the time of transplantation. The impact of these disruptions on lung transplant outcomes remains unclear, though it is possible that these changes lead to higher susceptibility to the development of pulmonary edema and infections, worse airway clearance, and ineffective cough \[[@CR6]\]. Lastly, the lung allografts have higher exposure to immunogenic compounds, as compared to other organs, by ventilation. The ongoing exposure to various inhaled injurious agents may also predispose lung allografts to develop chronic rejection.

Post-Lung Transplantation Complications {#Sec3}
---------------------------------------

There is a vast array of complications from lung transplantation. Broadly these complications can be divided into noninfectious and infectious complications and have been summarized in Table [26.1](#Tab1){ref-type="table"}. These complications arise at different times in the postoperative period \[[@CR7]\]. The understanding of timing of various complications post-lung transplant can lead to early recognition and management of these complications.Table 26.1Noninfectious and infectious complications post-lung transplantNoninfectious complicationsInfectious complicationsPrimary graft dysfunction (PGD)Venous thromboembolism (VTE)Nerve injury Diaphragmatic dysfunction (phrenic nerve) Gastroparesis (vagus nerve)Pleural Effusions Pneumothorax, hemothorax, chylothorax Bronchopleural fistula Pleural fibrosisVascular anastomotic complicationsAirway anastomotic complicationsRejection Acute cellular rejection Antibody-mediated rejection Chronic lung allograft dysfunction  Bronchiolitis obliterans syndrome (BOS)  Restrictive allograft syndrome (RAS)Post-transplant malignanciesMetabolic Hyperammonemia Diabetes mellitus Acute kidney injury, chronic kidney disease Osteoporosis DyslipidemiaCardiovascular (arrhythmias, coronary artery disease)Miscellaneous issues (psychiatric, gastrointestinal, sarcopenia)Bacterial infections *Pseudomonas aeruginosa* *Burkholderia cepacia* *Staphylococcus aureus* (including methicillin-resistant), other gram-negative organisms *Streptococcus pneumoniae* *Clostridium difficile* *Nocardia*Fungal infections *Aspergillus* *Fusarium* *Scedosporium* Mucormycosis *Candida*, *Pneumocystis jiroveci* *Cryptococcus* Endemic fungi: *Histoplasma capsulatum*, *Coccidioides immitis*, *Blastomyces dermatitidis*Viral infections *Cytomegalovirus* (CMV) *Herpesviruses* *JC virus* *BK virus* Respiratory syncytial virus (RSV), parainfluenza, and other respiratory viruses

Noninfectious Complications {#Sec4}
===========================

Primary Graft Dysfunction (PGD) {#Sec5}
-------------------------------

PGD is a syndrome of acute lung injury that ensues within the first 72 hours after lung transplant. It is manifested by the early development of bilateral pulmonary infiltrates, hypoxemia with a reduced PaO2/FiO2 ratio (\<300), without an identifiable cause. The diagnosis of PGD is one of the exclusions. The other causes of graft dysfunction such as infection, hyperacute rejection, cardiogenic pulmonary edema, and pulmonary venous anastomotic obstruction should be excluded \[[@CR8]\]. PGD is thought to be due to overexuberant infiltration of monocytes, neutrophils, and T cells in response to transplant-mediated immune signals from endothelium, epithelium, and alveolar macrophages. The interaction between these cells leads to release of cytokines, reactive oxygen intermediates, and proteolytic enzymes leading to graft dysfunction \[[@CR9]\]. The severity of PGD falls along a spectrum, ranging from mild dysfunction to severe lung injury. PGD can affect 10--25% of transplanted patients, and the 30-day mortality can be as high as 50%. Furthermore, severe PGD after lung transplantation has been associated with development of subsequent chronic rejection and graft dysfunction \[[@CR10]\].

The management of PGD is largely supportive and includes lung-protective ventilation strategies (low tidal volume, high positive end-expiratory pressure), judicious fluid management, inhaled nitric oxide or other inhaled pulmonary vasodilators to improve oxygenation, and extracorporeal life support (ECLS) for the most severe cases. Re-transplantation is an option for highly selected cases, but it is generally not recommended due to suboptimal outcomes \[[@CR11]\].

Venous Thromboembolism (VTE) {#Sec6}
----------------------------

Lung transplant recipients are at increased risk of VTE . The risk factors include major surgery status, hypercoagulable state, high dose of corticosteroids, immobility, and indwelling vascular access. The reported incidences of pulmonary embolism (PE) and deep venous thrombosis (DVTs) post-lung transplantation are approximately 5--15% and 20--45%, respectively \[[@CR12]\]. The pulmonary embolism in setting of limited pulmonary reserve due to PGD, postoperative atelectasis, and single-lung transplantation can have catastrophic consequences, thus underscoring the need for early and appropriate VTE prophylaxis after lung transplantation \[[@CR13]\].

The diagnosis can be made with computed tomography (CT) pulmonary angiography, ventilation-perfusion scan, or by documentation of DVT by Doppler ultrasonography. The treatment is the same as for VTEs in general, although the risk of postoperative bleeding needs to be weighed against the risk of PE. The choice of anticoagulant is based on kidney function, periprocedural reversibility of anticoagulant effect, and drug interactions, with unfractionated heparin, low-molecular-weight heparin, and/or warfarin being by far the most common agents used. In case of ongoing bleeding or high risk of bleeding, inferior vena cava filters can be used as a temporizing measure.

Nerve Injury {#Sec7}
------------

Inadvertent injury to various intrathoracic nerves during lung transplantation is a well-recognized and common complication. The most commonly affected structures are the phrenic and vagus nerves.

The reported rates of phrenic nerve injury have ranged from 3% to 9% in lung transplant cases. This rate can be as high as 40% in combined heart-lung transplantation \[[@CR14], [@CR15]\]. Diaphragmatic dysfunction as a consequence of phrenic nerve injury can present clinically with dyspnea, hypoventilation and hypercapnia, and hypoxemia or as difficult wean from the ventilator. Diaphragmatic paralysis can lead to increased length of stay and ventilator dependence. Diagnosis can be confirmed by documenting paradoxical movement of affected diaphragm during quiet and deep breathing, using fluoroscopy or ultrasound visualization.

The vagal nerve injury post-lung transplantation can lead to gastroparesis with associated risk of gastroesophageal reflux (GERD) and aspiration events. These in turn can place lung allograft at risk for recurrent infections, bronchiectasis, and possibly chronic allograft dysfunction \[[@CR16]--[@CR18]\]. Common symptoms of gastroparesis include early satiety, decreased appetite, abdominal pain, and bloating. A diagnosis is usually made by a nuclear medicine gastric emptying study. The potential management strategies include minimizing transit delaying medications (e.g., opioids), the use of pro-motility agents, placement of post-pyloric feeding tubes, botulinum toxin injection to the pylorus, and surgical fundoplication in conjunction with pyloroplasty \[[@CR17]\].

Pleural Complications {#Sec8}
---------------------

The pleural complications in early post-lung transplantation period include pleural effusions, hemothorax, pneumothorax, empyema, chylothorax, and interpleural communication. These complications usually arise as a result of the pleural disruption from the surgery itself, though rejection and immunosuppressive regimens may also play a role. The risk factors for the development of pleural complications include previous thoracic surgery, pleural adhesions, and donor-recipient size mismatch \[[@CR19], [@CR20]\].

Pleural effusions are extremely common in the early post-lung transplant period. The reported incidence has been 100% in some series \[[@CR19], [@CR20]\]. All patients have chest tubes in place immediately post-operation to allow lung re-expansion, pleural air, and fluid drainage. The increased amount of pleural fluid post-lung transplantation is related to capillary leak due to allograft ischemia reperfusion, fluid overload, bleeding, and surgical interruption of allograft lymphatics at the time of explantation \[[@CR19], [@CR20]\].

Late pleural effusions can be a consequence of infection, acute rejection, trapped lung physiology from pleural fibrosis, or malignancy \[[@CR21], [@CR22]\].

In general, all pleural effusions need to be evaluated to rule out complicated effusions such as hemothorax, empyema, and chylothorax. These entities have all been associated with negative patient outcomes and are treated with a range of medical and surgical procedures depending on the condition and severity. For example, a chylothorax might necessitate mechanical interruption of thoracic duct, or hemothorax may need thoracotomy for control of bleeding.

Pneumothoraxes are common after lung transplantation. They can result from donor-recipient size mismatch, bronchopleural fistulas that occur secondary to operative injury or bronchial anastomoses dehiscence, or as a consequence of transbronchial biopsies performed in the course of allograft evaluation. Small and stable pneumothoraxes after lung transplantation can be managed by watchful waiting, though larger or symptomatic pneumothorax may require chest tube drainage. An inadequately drained, hemodynamically significant pneumothorax can be a medical emergency necessitating urgent drainage \[[@CR23], [@CR24]\]. In patients who have undergone sequential bilateral lung transplantation (BSLT) or heart-lung transplantation (HLT), interpleural communication due to surgical severance of the pleural recesses that separate the left and right pleural spaces can develop. This entails that pleural issues in these patients must be managed aggressively as pneumothoraxes can be bilateral and life threatening, and empyema can spread quickly.

Vascular Anastomotic Complications {#Sec9}
----------------------------------

Vascular anastomotic complications can arise either early or late in the post-transplant course and can have very severe adverse consequences. Pulmonary artery stenosis can be secondary to mechanical kinking, disruption, or narrowing of the anastomosis, sometimes due to the particulars of donor anatomy or due to thrombosis \[[@CR25]\]. The clinical picture is usually consistent with pulmonary hypertension and right ventricular failure. Diagnosis can be made through pulmonary angiography and can be managed with interventions such as balloon dilation and stent deployment. Occasionally, patients may require surgery for definitive management of the stenosis.

Pulmonary vein occlusion post-lung transplantation is a rare but serious complication. The commonest cause of pulmonary vein occlusion is the development of thrombosis at the anastomotic junction of the pulmonary veins and the left atrium, though inadvertent narrowing or ligation of pulmonary veins has also been reported. The potential clinical consequences include hypoxic respiratory failure, pulmonary edema, and cardio-embolic events. This entity should be included in the differential diagnosis of a patient with acute pulmonary edema post-lung transplantation. Diagnosis is usually made by transesophageal echocardiography or CT angiography \[[@CR26], [@CR27]\].

Airway Anastomotic Complications {#Sec10}
--------------------------------

The airway complications after lung transplantation can be classified by time of occurrence. Early anastomotic complications , usually within 1 month of transplantation, include infection, dehiscence, and necrosis at the anastomotic sites. Later complications include bronchopleural, bronchovascular and bronchomediastinal fistulae, excessive granulation tissue, bronchomalacia, and airway stenosis. Airway anastomotic complications do not seem to be associated with decreased survival; however, they do negatively impact quality of life and significantly increase healthcare resource utilization \[[@CR28]\].

The risk factors for airway anastomotic complications include colonization with *Burkholderia cepacia* and *Aspergillus fumigatus*, PGD, acute rejection, prolonged mechanical ventilation, and sirolimus use prior to anastomotic healing \[[@CR29], [@CR30]\].

Bronchial necrosis and dehiscence occur 1--2 weeks after transplant. They can present with dyspnea, difficulty weaning from the ventilator, persistent air leak on the water seal, pneumomediastinum, and subcutaneous emphysema and infection, with symptoms ranging from mild to severe. Depending on the severity, management can range from observation and antibiotics to minimally invasive or surgical repair.

Bronchial stenosis is the narrowing of the airway lumen, usually at the site of the anastomosis. Patients can present with wheezing, cough, post-obstructive pneumonias, decline in pulmonary function tests (PFTs), and stridor. The bronchial narrowing can also present distal to the anastomosis causing lobar lobe collapse. This syndrome occurs 2--6 months post-transplant but can present as late as 12 months. Treatment options include close monitoring, bronchial dilatation with or without stent placement, and re-transplantation \[[@CR31]\].

Rejection {#Sec11}
---------

Allograft rejection is a major cause of morbidity and mortality post-lung transplantation. At least a third of patients are reported to have acute rejection in the first year after transplant. Acute rejection in itself seldom leads to mortality, but it is a main risk factor for the development of chronic rejection. The chronic rejection of lung allograft is the major hurdle to long-term survival after transplantation. Despite the use of potent and novel immunosuppressive regimens, the incidence of chronic rejection and long-term survival post-transplant has remained essentially unchanged over the last two decades \[[@CR1], [@CR32]\].

### Acute Cellular Rejection {#Sec12}

Acute cellular rejection (ACR) is the most common kind of acute lung transplant rejection and is mediated by T lymphocytes. Symptoms and signs of ACR include dyspnea, cough, fever, and hypoxia. High-grade rejection may be associated with respiratory failure. Mild ACR can be asymptomatic and frequently detected on surveillance pulmonary function testing and/or transbronchial biopsies. Current imaging modalities are not diagnostic but may reveal useful findings such as infiltrates and ground-glass opacities \[[@CR32], [@CR33]\]. Flexible bronchoscopy with transbronchial biopsies is the gold standard for diagnosis. Histologically, ACR is characterized by the presence of perivascular and/or peribronchiolar (grade B) lymphocytes in the absence of infectious etiologies \[[@CR32], [@CR34], [@CR35]\]. Risk factors for ACR include the number of HLA mismatches between donor and recipient, although it is unclear which specific HLAs have more impact. Other reported risk factors are age, with older patients having more rejection, immunosuppressive regimen used (tacrolimus regimens reject less), other genetic factors such as IL-10 production, and documented GERD. ACR has also been documented following infections with certain viruses, such as rhinovirus, parainfluenza virus, influenza virus, human metapneumovirus, coronavirus, and respiratory syncytial virus.

The treatment for ACR is not uniform, and high-quality randomized controlled trials are lacking. There is wide agreement that severe cases of ACR must be treated, but there is variability among transplant centers on whether to treat milder cases. The mainstay of therapy is high-dose corticosteroids. In cases that are refractory or recurrent, usually the immunosuppressive regimen gets intensified or altered, and medications such as anti-thymocyte globulin (ATG), anti-interleukin 2-receptor (IL-2R) antagonists, muromonab-CD3 (OKT3), and alemtuzumab (anti-CD52 monoclonal antibody), among others, can be used \[[@CR36], [@CR37]\].

### Antibody-Mediated Rejection {#Sec13}

Antibody-mediated rejection (AMR) is believed to be mediated by donor-specific antibodies (DSA) against human leukocyte antigens (HLA) and other donor antigens. These antibodies may have been present in the recipient prior to transplant, although most appear to develop after transplantation. AMR is described as the combination of the following: donor-specific anti-HLA antibodies, evidence of complement deposition in allograft biopsies, histologic tissue injury, and clinical allograft dysfunction \[[@CR38]\]. Once the aforementioned antibodies bind their receptors in the graft, they are capable of binding complement, specifically C1q. This can trigger complement-mediated cell destruction and inflammation. The development of de novo anti-HLA antibodies is associated with poor prognosis \[[@CR39], [@CR40]\].

The mainstay of AMR management involves depletion and/or neutralization of anti-HLA antibodies by plasma exchange or intravenous immunoglobulin (IVIG), followed by rituximab infusion. Rituximab is an anti-CD-20 chimeric antibody that targets B-cell function and can decrease production of antibodies. In cases of refractory AMR, newer agents such as bortezomib (anti-proteasome 26s) and the anticomplement antibody eculizumab have been tried with limited success. Successful clearance of anti-HLA antibodies has been associated with decreased risk of development of chronic rejection following AMR \[[@CR32]\].

### Chronic Lung Allograft Dysfunction {#Sec14}

The term chronic lung allograft dysfunction (CLAD) encompasses pathologies that lead to chronic dysfunction of lung allograft. CLAD is predominantly a consequence of chronic rejection and is a major hurdle to long-term survival. The two major phenotypes of CLAD include (i) bronchiolitis obliterans syndrome (BOS) and (ii) restrictive allograft syndrome (RAS) \[[@CR41], [@CR42]\].

BOS is the predominant form of CLAD and is the number one cause of death after 1 year of transplantation. It is reported to occur in up to 76% of lung transplant recipients at 10 years post-transplant, and it is a major cause of morbidity, negative impact in quality of life, and increased costs. BOS is defined by a sustained (\>3 weeks) decline in the forced expiratory volume in the first second of expiration (FEV1); provided alternative causes of pulmonary dysfunction have been excluded. At the tissue level, the hallmark of BOS is obliterative bronchiolitis (OB), which is an inflammatory/fibrotic process affecting the small non-cartilaginous airways (membranous and respiratory bronchioles) characterized by subepithelial fibrosis causing partial or complete luminal occlusion \[[@CR43], [@CR44]\].

Risk factors include prior episodes of acute rejection, cytomegalovirus infection (CMV), community-acquired respiratory viruses (CARV) infection, history of PGD, isolation of *Aspergillus fumigatus* and *Pseudomonas aeruginosa*, the presence of GERD, and other immune-mediated factors \[[@CR44]\]. The diagnosis can be made conditionally without histopathology (BOS) or definitively with histopathology (BO). Transbronchial biopsy is an insensitive method for detecting BO, and the clinical use of BOS is the favored method for diagnosis and monitoring.

The treatment of BOS is disappointing in terms of outcomes; often success is measured in slowing the decline or stabilizing it. Beyond augmentation of immunosuppression, azithromycin, extracorporeal photopheresis, montelukast, methotrexate, aerosolized cyclosporine, alemtuzumab, and total lymphoid irradiation have been used with limited success \[[@CR44], [@CR45]\].

RAS has been more recently described and occurs in less than a third of patients with CLAD. These patients present with predominant restriction, and the survival is worse as compared to patients with BOS. The median survival post-diagnosis is 8 months. CT scan shows interstitial opacities, ground-glass opacities, upper lobe-dominant fibrosis, and honeycombing. The only identified risk factor for the development of RAS is late-onset diffuse alveolar damage (DAD), occurring later than 3 months after lung transplant. There is no proven treatment for this condition, and re-transplantation remains technically challenging \[[@CR46], [@CR47]\].

Post-transplant Malignancies {#Sec15}
----------------------------

Lung transplant and associated immunosuppression are an established risk factor for development of cancer \[[@CR48]\]. The commonest malignancy post-lung transplant is the squamous cell cancer of the skin. The single-lung transplant recipients are at higher risk of development of lung cancer in their native lungs. This increased risk is in part related to the increased risk of cancer due to underlying disease (e.g., emphysema, idiopathic pulmonary fibrosis) \[[@CR49], [@CR50]\]. Similarly, the transplant recipients with cystic fibrosis remain at an elevated risk for development of gastrointestinal malignancies \[[@CR49]\]. It is imperative that transplant recipients adhere to age-appropriate health screening after transplant. Additionally, all lung transplant recipients should undergo skin cancer screening annually.

The risk is especially high for of viral infection associated malignancies such as lymphoma, Kaposi sarcoma, and anogenital cancers \[[@CR49]\]. Post-transplant lymphoproliferative disorders (PTLD) encompass an array of diseases involving clonal expansion of B lymphocytes, ranging from polyclonal benign disorders to aggressive malignant lymphomas. The reported incidence of non-Hodgkin lymphoma post-lung transplant has been as high as 28 cases/100,000 person-years \[[@CR49]\]. There is a significant association between PTLD and Epstein-Barr virus (EBV) infection, especially in patients who acquire infection the novo after being transplanted. PTLD is managed by reducing the intensity of immunosuppression if possible, with specific chemotherapy for more severe and refractory cases.

Metabolic Complications {#Sec16}
-----------------------

### Hyperammonemia {#Sec17}

Hyperammonemia affects 1--4% of the lung transplant population; it is a rare but potentially fatal complication. It can be secondary to systemic infection with *Mycoplasma hominis* and *Ureaplasma*, which break down urea as an energy source, generating ammonia as a waste product. This likely represents a donor-derived infection and can respond to early appropriate antibiotic treatment \[[@CR51]\]. Postoperative liver dysfunction and urea-cycle enzyme deficiencies can also cause hyperammonemia.

### Diabetes Mellitus {#Sec18}

Diabetes mellitus (DM) is common in lung transplant recipients, with 25--30% of patients developing it in the first year post-transplant and up to 40% at 5 years. The use of glucocorticoids, calcineurin inhibitors, obesity, and advanced age is a significant risk factor for the development of DM. The development of DM in lung transplant recipients is associated with decreased survival. A close and judicious glycemic control is indicated in this patient population \[[@CR52], [@CR53]\].

### Acute Kidney Injury and Chronic Kidney Disease {#Sec19}

Patients who undergo lung transplantation have multiple risk factors to develop acute kidney injury (AKI) post-transplant, including decreased renal perfusion before, during, and/or after surgery, drug toxicities, and systemic infections. AKI affects as many as 70% of patients with approximately 8% patients requiring renal replacement therapy (RRT). The postoperative renal failure necessitating the use of RRT is associated with increased risk of early mortality \[[@CR54], [@CR55]\].

By 3 years, 25% of surviving lung transplant recipients develop severe renal dysfunction (serum creatinine \>2.5 mg/dl), and that percentage rises to 40% at 10-year mark \[[@CR1]\]. The risk factors for development of chronic kidney disease (CKD) include older age, DM, hypertension, smoking history, and use of nephrotoxic drugs. CKD is also associated with higher mortality in lung transplant recipients \[[@CR56]\].

### Other Metabolic Complications {#Sec20}

Recipients of lung transplant are at risk for development of osteopenia and osteoporosis due to multiple factors such as malnutrition, immobility, chronic corticosteroid use, calcineurin inhibitor use (e.g., tacrolimus), and other comorbidities. The strategies to prevent and reverse bone losses after transplant need to be proactively implemented. Treatment includes adequate supplementation of calcium, vitamin D, use of bisphosphonates, enhancing physical activity, and minimizing contributing medications, if possible \[[@CR57], [@CR58]\].

Dyslipidemia is also very common in lung transplant recipients, as high as 59%, and it may be related to the aforementioned metabolic risk factors. Treatment usually entails lifestyle modifications and cholesterol lowering medications.

Cardiovascular Complications {#Sec21}
----------------------------

There are multiple cardiac complications after lung transplantation, both short and long term. Atrial dysrhythmias are very frequent in the early postoperative period, likely related to stress of major surgery, catecholamine surge, medication side effects, and mechanical stresses related to vascular anastomoses. The reported incidence has been as high as 25--35% \[[@CR59], [@CR60]\]. These arrhythmias are usually managed with medications aimed at rate and rhythm control. Hemodynamically significant and/or refractory arrhythmias may require electric cardioversion. Atrial dysrhythmias are associated with increased length of hospital stay and increased mortality \[[@CR59], [@CR60]\].

Over the long term, lung transplant recipients are at increased risk for developing coronary artery disease (CAD). As they progress into long-term survival, these patients have cumulative impact from risk factors previously discussed in this chapter, namely, DM, dyslipidemia, CKD, hypertension, chronic corticosteroid use, and other immunosuppressive medication. These risk factors should be carefully managed to decrease the impact of CAD and related complications, with a combination of lifestyle modifications and specific medical therapies \[[@CR61]\].

Miscellaneous Issues {#Sec22}
--------------------

Lung transplant recipients experience a decrease in skeletal muscle strength and function, including respiratory and limb muscles. This is likely related to reduced activity postoperatively and deconditioning, corticosteroid-induced myopathy, critical illness-related weakness (neuropathy/myopathy), and in the case of the diaphragm, phrenic nerve injury. This issue seems to be consistent in lung transplant recipients and independent of pre-transplant diagnosis and surgery type. Muscle weakness, deconditioning, and sarcopenia are associated with adverse outcomes and decrease in quality of life. Aggressive rehabilitation is standard and important in the post-transplant care \[[@CR62], [@CR63]\].

Infectious Complications {#Sec23}
========================

Lung transplant recipients are at an increased risk for acquiring infections due to the immunosuppressed state, constant environmental pathogen exposure, decreased cough reflex, impaired mucociliary clearance, and lymphatic disruption. Infectious complications are responsible for about a quarter of post-transplant deaths \[[@CR64]\].

Bacterial Infections {#Sec24}
--------------------

Pneumonias are the most significant bacterial infection in lung transplant recipients, and the highest risk is in the first 30 days post-transplant. In the early period, they are more likely to be caused by hospital-acquired organisms, which tend to be more virulent and more resistant to antibiotics. The patients with cystic fibrosis are frequently colonized by multidrug-resistant organisms and are at increased risk of pneumonia post-transplant. In later stages, community-acquired organisms become more prevalent. Moreover, throughout the post-transplant period, the patients are susceptible to numerous opportunistic infections \[[@CR65]\].

Other commonly encountered bacterial infections in this patient population include pleural space infections, blood stream infections (BSIs), and soft tissue infections. The BSIs and empyema carry a high risk of morbidity and mortality \[[@CR66], [@CR67]\].

*Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus aureus* (including methicillin-resistant), and other gram-negative organisms are common causes of serious infections in post-lung transplant period. These organisms have high rates of antibiotic resistance and are associated with worse outcomes \[[@CR68]--[@CR70]\]. *Streptococcus pneumoniae* is the most common cause of community-acquired pneumonia, and immunosuppressed patients have increased risk of disseminated infection \[[@CR71]\]. *Clostridium difficile* associated diarrhea is a major complication in hospitalized, immunosuppressed and debilitated patients and is associated with increased hospital length of stay and mortality \[[@CR72]\].

Fungal Infections {#Sec25}
-----------------

Molds are common fungal entities affecting lung allografts. *Aspergillus spp.* are the most common and have a predilection for the respiratory tract \[[@CR73]\]. Lung transplants have the highest incidence of invasive aspergillosis among solid organ transplant recipients, and it is the most common invasive fungal infection in lung transplant. Aspergillus is ubiquitous in the environment and is acquired by inhalation. There are three main described presentations: invasive pulmonary disease, tracheobronchial aspergillosis, and disseminated disease, all of which are associated with varying degrees of increased mortality. Other implicated molds include *Fusarium, Scedosporium*, and Mucormycosis. These infections are difficult to treat and are associated with poor clinical outcomes \[[@CR73]\]. *Candida* spp. are another common pathogen in lung transplant setting. Oral candidiasis is the most common manifestation of this infection. However, candida infections can also manifest as candidemia, empyema, surgical wound infection, and disseminated disease. Serious candida infections have been associated with increased mortality, though rates have been declining over time \[[@CR74]\]. Other fungal infections in this patient population include opportunistic infections, such as *Pneumocystis jiroveci and Cryptococcus,* as well as endemic fungi, such as *Histoplasma capsulatum*, *Coccidioides immitis*, and *Blastomyces dermatitidis* \[[@CR75], [@CR76]\].

Viral Infections {#Sec26}
----------------

Viral infections contribute to morbidity and mortality from acute infection and have been associated with an increased risk of rejection, chronic allograft dysfunction, lymphoproliferative and other neoplastic diseases, and other extra pulmonary organ damage \[[@CR77]\].

*Cytomegalovirus* (CMV) is the most significant viral infection occurring in solid organ transplant recipients and is the second most common infection, after bacterial pneumonia. CMV infection can range from latent infection, to asymptomatic viremia, to CMV disease manifested with clinical symptoms and end-organ involvement. Severity of disease may range from mild to life threatening. When there is organ damage, affected organs can include the lungs, pancreas, intestines, retina, kidney, liver, and brain. CMV disease is associated with increased mortality \[[@CR77], [@CR78]\]. Other notable DNA viruses from the Herpesviridae family include Epstein-Barr virus (EBV), which is associated with increased risk of PTLD and other malignancies, *herpes simplex virus* (HSV) 1 and 2, *varicella-zoster virus* (VZV), and human *Herpesvirus* 6, 7, and 8 \[[@CR77]\].

Community-acquired respiratory viruses, including influenza, are a major source of respiratory symptoms and morbidity after lung transplantation. These infections may also be associated with development of chronic allograft dysfunction \[[@CR79]\].

Survival, Overall Prognosis, and Follow-Up Care {#Sec27}
===============================================

Currently, the median survival for all adult lung transplant recipients is 6 years \[[@CR1]\]. Bilateral lung recipients appear to have a better median survival compared to single-lung recipients (7 versus 4.5 years) \[[@CR1]\]. Overall lung transplantation confers clinically meaningful and statistically significant improvements in health-related quality of life (HRQOL). Greater than 80% of lung transplant recipients report no activity limitations \[[@CR80]\].

The care of lung transplant recipients is multidisciplinary, labor intensive, and comprehensive. It includes management of immunosuppression regimen, opportunistic infection prophylaxis, prevention and management of various comorbidities, and complications. A typical medication regimen consists of three classes of immunosuppression drugs (i.e., calcineurin inhibitor, cell-cycle inhibitor, and corticosteroids), as well as opportunistic infection prophylaxis against *Pneumocystis jiroveci, other fungal infections, and CMV.*

In early postoperative period and after hospital discharge, the recipients are closely monitored in outpatient setting. Typical clinic visits include thorough medication reconciliation, clinical exam, pulmonary function testing, chest radiographs, and laboratory examinations. The role of surveillance bronchoscopies with transbronchial biopsies in monitoring of lung allograft remains unclear.

Conclusions {#FPar100}
-----------

While lung transplantation improves survival and quality of life in patients with end-stage lung disease, it is associated with multitude of noninfectious and infectious complications. Lung transplant recipients have one of the shortest survival rates among other solid organ recipients, due to some unique characteristics of the lung allograft, including its unique blood supply and risk for ischemia, disruption of the native lymphatics and the neural supply during the transplant surgery, and exposure to immunogenic entities via ventilation. Among noninfectious complications, PGD, VTE, and rejection are the most important ones. CLAD affects most patients long term and remains a significant clinical concern and contributor to early mortality in lung transplant recipients. Lung transplant recipients are also at increased risk for a variety of malignancies, due to their underlying disease, comorbidities, and immunosuppressed status; thus they require vigilant monitoring and screening for cancer. Infectious complications (i.e., bacterial, fungal, viral) are also important contributors to morbidity and mortality, with bacterial pneumonias and CMV most commonly seen. Patients require multidisciplinary and intensive follow-up and aftercare, ongoing vigilance, early recognition and treatment, and open and frequent communication between recipients, caregivers, and healthcare team providers.
